
A f i f t h  Surveyor soft-lunar-landing spacecraf t  i s  being 

prepared f o r  launch a t  Cape Kennedy, Fla .  Seven Surveyors are 

planned i n  t h e  series.  

The launch by an  Atlas-Centaur i s  planned f o r  the  per iod  

no ear l ier  than Sept. 8 - 13. 
Like the four  previous Surveyors, Surveyor E ' s  mission i s  

t o  perform a sof t - landing  i n  the  Apollo area of i n t e r e s t  on the  

Moon and t o  take t e l e v i s i o n  p i c t u r e s  of the luna r  sur face  around 

i t s  landing s i te .  

Surveyor E w i l l  be t h e  f i rs t  of the  series, however, t o  

c a r r y  an  instrument t o  s tudy the  chemical c h a r a c t e r i s t i c s  of 

the luna r  s o i l  and it w i l l  be t h e  first t o  attempt a landing 

i n  the eastern por t ion  of t he  Apollo zone. 

The planned landing s i t e  i s  a t  24 degrees East longi tude 

and one degree North l a t i t u d e .  

of the Sea of Tranqui l i ty ,  60 m i l e s  east of the  crater Sabine 

and 24 miles north of the crater Moltke. 

southwest of the  landing s i t e  of Ranger VIII. 

This  is  i n  t he  southern part 

The s i t e  is  36 miles 
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The landing i n  the  East w i l l  p u t  great demands on Surveyor 's  

sof t - landing  system. If t h e  launch is  on Sept. 8, the spacecraf t  

w i l l  approach i t s  landing target a t  47 degrees of f  the v e r t i c a l ,  

r equ i r ing  a large g r a v i t y  tu rn  during the  c r u c i a l  terminal  des- 

cent sequence. For the succeeding days of the launch period, the 

angle  o f  approach i s  a few degrees less  f r o m  the v e r t i c a l .  By 

con t ra s t ,  Surveyor 1's angle  of approach was only six degrees and 

Surveyor 1111s was 25 degrees. 

The study of the chemical c h a r a c t e r i s t i c s  of t he  luna r  sur -  

f ace  w i l l  be c a r r i e d  out by an alpha sca t te r ing  experiment. The 

alpha s c a t t e r i n g  instrument i s  lowered t o  the  luna r  sur face  and 

bombards it wi th  alpha p a r t i c l e s  from a radio-act ive source. By 

measuring the i n t e r a c t i o n  of the p a r t i c l e s  with atomic nuc le i  of 

elements i n  the luna r  surface,  i t  i s  poss ib l e  t o  determine which 

elements are present .  

The alpha s c a t t e r i n g  device replaces the sur face  sampler 

which was flown on Surveyors I11 and IV.  

I n  another  change from previous spacecraf t ,  Surveyor E's 

two mir rors  which permit tak ing  p i c t u r e s  under the  spacecraf t  

w i l l  be convex ins t ead  of f l a t  t o  i nc rease  the  f i e l d  of view. 

In  addi t ion ,  the smaller of t h e  two mirrors  has been repos i t ioned  

so  that  i t  views t h e  area of the lunar  sur face  which the alpha 

s c a t t e r i n g  instrument w i l l  contact when it  is  deployed. 
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The launch vehic le  f o r  t h i s  mission w i l l  be Atlas-Centaur 

13 which has a two-burn capab i l i t y  so  t h a t  i t  can launch Sur- 

veyor E toward the  Moon from a parking o r b i t .  

Surveyor E's f l i g h t  w i l l  last  65 hours from l i f t - o f f  t o  

touchdown. A l a r g e  s o l i d  propel lan t  r e t ro rocke t  and three 

small v e r n i e r  rocket  engines under radar con t ro l  w i l l  slow 

Surveyor from a lunar  approach speed of 6,000 miles p e r  hour 

t o  about t h r e e  miles pe r  hour. 

f o o t  mark and t h e  spacecraf t  f a l l s  free t o  the l u n a r  surface,  

touching down about 10 m i l e s  per  hour. 

The engines cu t  o f f  a t  t h e  13- 

On the first day of the launch period, Sept. 8, l i f t o f f  

can occur between 3:39 a.m.  and 5:30 a.m.  EM'. 

A t  launch, Surveyor E w i l l  weigh 2,216 pounds. The r e t r o -  

motor, which i s  j e t t i s o n e d  after burnout, weighs 1,395 pounds. 

After expenditure of l i q u i d  propel lan ts  and a t t i t u d e  con t ro l  

gas, Surveyor E w i l l  land on t h e  Moon weighing about 616 pounds. 

I n  add i t ion  t o  data provided by the TV camera and sur face  

sampler, Surveyor E w i l l  a l s o  provide data on the  radar re- 

f l e c t i v i t y ,  mechanical proper t ies ,  and thermal condi t ions of 

t he  luna r  surface.  

Surveyor I soft-landed on the Moon June 2, 1966, and re- 

turned 11,150 high-qual i ty  photographs of t h e  luna r  surface.  

-more- 



-4- 

Surveyor I1 was launched Sept. 20, 1966, b u t  t h e  mission 

fa i led when one of the  t h r e e  vern ier  engines f a i l ed  t o  i g n i t e  

during an  attempted nidcourse maneuver. Surveyor I11 s o f t -  

landed on the Moon Apri l  19, 1967, re turned  6,319 photographs 

and provided 18 hours of operat ion of the  sur face  sampler. 

Launched J u l y  14, 1967, Surveyor N performed well u n t i l  

the last  f e w  seconds of burn of the retromotor when a l l  communi- 

ca t ions  wi th  the spacecraf t  were l o s t .  An engineering team 

which s tud ied  the f a i l u r e  could not p inpoin t  the cause of the  

f a i l u r e  of the mission, and determined t h a t  t h e  Surveyor E m i s -  

s i o n  should proceed, s ince  there was a r e l a t i v e l y  low proba- 

b i l i t y  of recurrence of the seve ra l  pos tu l a t ed  causes s tudied.  

The Surveyor program i s  d i r e c t e d  by NASA's Off ice  of Space 

Science and Applications.  Pro jec t  management Is assigned t o  

NASA's Je t  Propulsion Laboratory operated by the Cal i forn ia  

I n s t i t u t e  of Technology, Pasadena. Hughes A i r c r a f t  Co., under 

cont rac t  t o  JPL, designed and b u i l t  the  Surveyor spacecraf t .  

NASA's Lewis Research Center, Cleveland, is  respons ib le  

f o r  t he  Atlas first stage boos ter  and f o r  the  second stage Cen- 

t au r ,  both developed by General Dynamics/Convair, San Diego, C a l .  

Launch opera t ions  are d i r e c t e d  by Kennedy Space Center, Fla. 

Tracking and communication with t h e  Surveyor i s  t h e  re- 

s p o n s i b i l i t y  of the NASA/JPL Deep Space Network (DSN). 
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The D S N  s t a t i o n s  assigned t o  t h e  Surveyor program are 

Pioneer, a t  Goldstone i n  Cal i forn ia ' s  Mojave Desert; Robledo, 

Spain; Ascension Is land  i n  the South At l an t i c ;  T idb inb i l l a  

near  Canberra, Aus t ra l ia ;  and Johannesburg, South Africa. Data 

from the  s t a t i o n s  w i l l  be t ransmit ted t o  the Space Fl ight  Opera- 

t i o n s  F a c i l i t y  i n  Pasadena, the command center  f o r  the mission, 

(END O F  GENERAL RELEASE; BACKGROUND INFORMATION FOLLOWS) 
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SURVEYOR BACKGROUND 

Surveyor I performed t h e  first fu l ly -con t ro l l ed  s o f t  
landing on the  Moon on June 1, 1966, a f te r  a 63-hour, 36-minute 
f l i g h t  from Cape Kennedy. Surveyor I landed a t  a ve loc i ty  of 
about 7.5 m i l e s  per hour a t  2.45 degrees South of' t h e  luna r  
equator  and 43.21 degrees West longi tude i n  the southwest por- 
t i o n  of Oceanus Procellarum (Ocean of  Storms). 

During the s i x  weeks following the  pe r fec t ,  three-point  
landing, the  s p a c e c r a f t ' s  survey t e l e v i s i o n  camera took 11,150 
high-resolut ion p i c t u r e s  of t he  luna r  sur face  f o r  transmission 
t o  Earth rece iv ing  s t a t i o n s .  Resolution i n  some of the  close- 
ups was one-half m i l l i m e t e r  or about o n e - f i f t i e t h  of an  inch. 

The t e l e v i s i o n  p i c t u r e s  showed that  the spacecraf t  came 
t o  rest  on a smooth, near ly  l e v e l  s i t e  on the  f l o o r  of a ghost 
c r a t e r .  The landing s i t e  was surrounded by a gen t ly  r o l l i n g  
su r face  studded with c r a t e r s  and l i t t e r e d  with fragmental  de- 
b r i s .  The c r e s t l i n e s  of low mountains were v i s i b l e  beyond the 
horizon. 

By J u l y  13, Surveyor 1's 42nd day on the Moon, the space- 
c r a f t  had survived the in t ense  h e a t  of the luna r  day (250 de- 
grees  F), the cold of the two-week-long l u n a r  n igh t  (minus 260 
degrees F) and a second f u l l  l u n a r  day. Tota l  p i c t u r e  count 
was: first luna r  day -- June 1 t o  June 14  -- 10,338; second 
day -- J u l y  7 t o  J u l y  13 -- 812. The t o t a l  operat ing t i m e  of 
Surveyor I (time d u r i n g  which s igna l s  were received from the 
spacec ra f t )  was 612 hours. 

Although the  b a t t e r y  was not  designed t o  endure the r i g o r s  
of the  luna r  environment over an  extended period, Surveyor con- 
t inued  t o  accept  Earth commands and t ransmi t  TV p i c t u r e s  through 
the second lunar suirset. Communications with Surveyor I were 
re-established a t  i n t e r v a l s  through January 1967 but  no TV pic-  
t u r e s  were obtained after the  July 1966 a c t i v i t y .  

Medii i n  t h e  c e n t e r  of the Moon, An attempt t o  perform the  
midcourse maneuver was unsuccessful when one of the three l i q u i d  fuel 
v e r n i e r  engines fa i led  t o  f i r e .  The t h r u s t  imbalance caused the 
spacec ra f t  t o  begin tumbling. The spacec ra f t  impacted the Moon 
southeas t  of the c r a t e r  Copernicus a t  a v e l o c i t y  of near ly  6,000 
m i l e s  per hour. 

veyor I1 f a i l u r e  by a team of propulsion exper t s  d i d  not r e -  
s u l t  i n  the i d e n t i f i c a t i o n  of t h e  exact  cause. 

Surveyor I1 was launched on Sept.  20, 1966, towar< Sinus 

In tens ive  inves t iga t ion  in to  poss ib l e  causes of the  Sur- 
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As a resu l t  of this inves t iga t ion ,  nowever, a number of' 
changes i n  testing procedures were recommended f o r  Surveyor I11 
and subsequent spacecraf t  t o  provide be t t e r  d iagnos t ic  capa- 
b i l i t y  i n  the  ve rn ie r  propuls ion system during p r e f l i g h t  testing 
as well as during t h e  mission. 

Surveyor I11 was launched A p r i l  17, 1967, and successfu l ly  
soft-landed on the Moon Apri l  19, 1967, on the east wall of a 
650-foot diameter c r a t e r  i n  the Ocean of Storms. The spacecraf t  
touched down three times i n  the landing when i t s  ve rn ie r  engines 
did not  c u t  of f  a t  t h e  prescr ibed 14-foot mark bu t  continued fir- 
ing  t o  the  surface.  A command from Ear th  shut  down the engines 
af ter  the second touchdown a t  2.94 degrees South l a t i t u d e  and 
23.34 degrees West longitude. Surveyor I11 was equipped with a 
sur face  sampler instrument t o  provide data on lunar  s o i l  charac- 
ter is t ics .  The device dug fou r  trenches,  made seven bea r in  
s t r e n g t h  tests and 13 penet ra t ion  tests during a t o t a l  of 1 
hours of surface sampler operat ion from the  second day a f te r  
touchdown through luna r  sunset  on May 3. 

8 

Operation of the t e l e v i s i o n  camera y ie lded  6,315 p i c t u r e s .  
These included p i c t u r e s  of a s o l a r  e c l i p s e  as the  Earth passed 
i n  f r o n t  of the Sun, the  luna r  t e r r a i n ,  po r t ions  of the  space- 
c r a f t ,  su r f ace  sampler operations and the crescent  of the  Earth. 
Attempts t o  r e a c t i v a t e  the spacecraf t  during the  second luna r  
day were unsuccessful.  

Sinus Medii i n  t h e  cen te r  of t h e  Moon. The mission proceeded 
normally u n t i l  the  last few seconds of burn of the retromotor 
when there was an  abrupt  loss of communications with the space- 
c r a f t .  Repeated e f f o r t s  t o  r e -e s t ab l i sh  communications fa i led.  

Surveyor I V  was launched on J u l y  14, 1967, aga in  toward 

A team of engineers which s tudied  the  mission f a i l u r e  l i s t ed  
four  poss ib l e  causes but  d id  not  p inpoin t  any one cause as more 
probable than  the o thers .  They said the communication loss 
could have resulted from: 

- The breakage of a c r i t i c a l  power lead i n  a wiring harness,  
o r  the f a i l u r e  of a connector or  s o l d e r  j o i n t ;  

- Rupture of the main retromotor case, r e s u l t i n g  i n  damage 
t o  spacec ra f t  c i r c u i t r y ;  

- A t r a n s m i t t e r  f a i l u r e ,  causing power t o  drop a po in t  
which would have prevented t ransmissions over the  238,857 miles 
from Moon t o  Earth; 

- Rupture of a pressure  vesse l  such as a helium o r  n i t rogen  
tank, a shock absorber,  o r  a p rope l l an t  tank aboard the space- 
c r a f t ,  which r e s u l t e d  i n  damage or c u t t i n g  of e l e c t r i c a l  c i r c u i t s .  

-more - 
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The engineers described the f o u r  poss ib le  causes of f a i l u r e  
as having " r e l a t i v e l y  low p robab i l i t y"  of recurrence i n  f u t u r e  
missions and s p e c i f i c a l l y  recommended t h a t  no hardware chafiges 
be made t o  f u t u r e  Surveyor spacecraf t .  However, t hey  recommended 
that studies be conducted t o  f ind  improved p r e f l i g h t  inspec t ion  
techniques,  that da t a  obtained from Surveyor I V  be f u r t h e r  
s tud ied  f o r  a d d i t i o n a l  c lues  t o  the cause of the te lemetry loss ,  
and t h a t  modif icat ions t o  ground equipment and opera t iona l  pro- 
cedures be made where poss ib le  t o  ob ta in  a d d i t i o n a l  data should 
the same problem reoccur on fu tu re  f l i g h t s .  

-more- 



SURVEYOR E SPACECRAFT 

Spaceframe, Mechanisms and Thermal Control 

The spaceframe of the Surveyor i s  a t r i a n g u l a r  aluminum 
s t r u c t u r e  which provides mounting sur faces  and attachments f o r  
the landing gear, main re t rorocket  engine, ve rn ie r  engines and 
a s soc ia t ed  tanks, thermal compartments, antennas and o the r  
e l e c t r o n i c  and mechanical assemblies. 

The frame is  constructed of thin-wall  aluminum tubing, with 
the frame members interconnected t o  form the t r i a n g l e .  A m a s t ,  
which supports the  p lanar  array high-gain antenna and s i n g l e  
s o l a r  panel,  i s  a t tached  t o  the  t o p  of the spaceframe. The b a s i c  
frame weighs less than 60 pounds and i n s t a l l a t i o n  hardware weighs 
23 pounds. 

The Surveyor s tands about 10 feet  high and, with i t s  tri- 
pod landing gear extended, can be placed within a 14-foot c i r c l e .  
A landing leg is  hinged t o  each of the three lower corners  of 
the frame and an  aluminum honeycomb footpad i s  a t tached  t o  the  
ou te r  end of each leg. An airplane-type shock absorber  and 
te lescoping  lock s t r u t  are connected t o  the frame so  that  the 
legs can be folded i n t o  t h e  nose shroud d u r i n g  launch. 

Blocks of crushable aluminum honeycomb are a t tached  t o  the 
bottom of the spaceframe a t  each of i t s  three corners  t o  absorb 
part  of the landing shock. Touchdown shock a l s o  i s  absorbed by 
the footpads and by the hydraulic shock absorbers  which compress 
with the landing load. 

Two omnidirectional,  conical antennas are mounted on the 
ends of fo ld ing  booms which a r e  hinged t o  the spaceframe. The 
booms remain folded aga ins t  t he  frame during launch u n t i l  re- 
leased by squib-actuated p i n  pu l l e r s  and deployed by t o r s i o n  
springs. The antenna booms a r e  released only a f te r  the landing 
legs are extended and locked i n  pos i t i on .  

An antenna/solar panel pos i t i one r  a top  the  mast supports  
and rotates the p lanar  array antenna and s o l a r  panel  i n  e i ther  
d i r e c t i o n  along fou r  axes.  This freedom of movement allows the 
antenna t o  be or ien ted  toward Earth and the  solar panel  toward 
the Sun. 

Two thermal compartments house s e n s i t i v e  e l e c t r o n i c  ap- 
pa ra tus  for  which a c t i v e  thermal con t ro l  is needed throughout 
the  mission. The equipment I n  each compartment i s  mounted on 
a thermal tray that d i s t r i b u t e s  heat throughout the compartment. 
An i n s u l a t i n g  blanket, cons is t ing  of 75 sheets of aluminized 
Mylar, I s  sandwiched between each compartment's i nne r  shell  and 
the o u t e r  p r o t e c t i v e  cover. 

-more- 
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The tops of the  compartments are covered by mirrored glass 
thermal r a d i a t o r s  t o  diss ipate  heat.  

Compartment A, which maintains a n  i n t e r n a l  temperature be- 
tween 40 degrees and 125 degrees F, conta ins  two r a d i o  re= 
ce ivers ,  two transmitters, the main battery, battery charge reg- 
u l a t o r ,  m a i n  power switch and some a u x i l i a r y  equipment. 

Compartment B, kept between zero and 125 degrees F, houses 
the c e n t r a l  command decoder, boost regula tor ,  c e n t r a l  s i g n a l  pro- 
cessor,  s igna l  processing aux i l i a ry ,  engineering s i g n a l  processor,  
and low data rate a u x i l i a r y .  

Both compartments contain sensors f o r  r epor t ing  temperature 
measurements by telemetry t o  Earth, and heater assemblies t o  
maintain the thermal trays above the i r  allowable minimums. The 
compartments are kept below t h e  125-degree maximum with thermal 
switches which provide a conductive path t o  the r a d i a t i n g  sur -  
f a c e s  f o r  automatic d i s s i p a t i o n  of e l e c t r i c a l l y  generated heat. 
Compartment A contains  nine thermal switches and compartment B, 
s i x .  The thermal s h e l l  weight of compartment A is  25 pounds, 
and compartment B, 18 pounds. 

Passive temperature con t ro l  i s  provided f o r  a l l  equipment, 
not  p ro tec t ed  by the compartments, through the  use of pa in t  
p a t t e r n s  and pol ished surfaces. 

Twenty-nine pyrotechnic devices mechanically release o r  
lock the  mechanisms, switches and valves  a s soc ia t ed  with the  
antennas,  landing leg locks, r o l l  ac tua to r ,  r e t ro rocke t  separa- 
t i o n  attachments,  helium and ni t rogen tanks, shock absorbers  and 
the retromotor  detonator.  Some a r e  ac tua t ed  by command from the 
Centaur, and o t h e r s  are ac tua ted  by ground command. 

A s o l i d  propel lan t ,  sphe r i ca l  r e t r o r o c k e t  f i t s  within the  
cen te r  c a v i t y  of the  t r i a n g u l a r  frame and supp l i e s  the main 
t h r u s t  f o r  slowing t h e  spacecraf t  on approach t o  the Moon. The 
u n i t  is  a t tached  a t  t h r e e  po in t s  on t h e  spaceframe near  the 
landing leg hinges,  with explosive nut  s epa ra t ion  p o i n t s  f o r  
e j e c t i o n  after burnout.  The motor case,  made of high-strength 
steel  and in su la t ed  wi th  asbestos and rubber,  i s  36 inches i n  
diameter. Including the molybdenum nozzle, the unfueled motor 
weighs 144 pounds. With propel lant ,  the weight i s  about 1,444 
pounds, o r  more than 60 p e r  cent of the t o t a l  spacec ra f t  weight. 

E l e c t r i c a l  harnesses  and cables  in te rconnec t  t he  spacec ra f t  
subsystems t o  provide co r rec t  s i g n a l  and power flow. The harness 
connecting the two thermal compartments i s  routed through a ther- 
m a l  tunnel  t o  minimize heat loss from the compartments. Coaxial 
cable  assemblies, a%tached t o  the  spaceframe by bracke ts  and 
c l i p s ,  are used f o r  high frequency transmission. 

-more- 



E l e c t r i c a l  i n t e r f a c e  with t h e  Centaur stage i s  established 
through a 51-pin connector mounted on the bottom of the space- 
frame between two of the landing legs. The connector mates wi th  
the  Centaur connector when the  Surveyor i s  mounted t o  the launch 
vehic le .  It c a r r i e s  pre-separation commands from the Centaur 
programmer and can handle emergency commands from the blockhouse 
console.  Ground power and prelaunch monitor a l s o  pass through 
the  connector. 

Power Subsystem 

The power subsystem c o l l e c t s  and stores s o l a r  energy, con- 
v e r t s  it t o  usable  e l e c t r i c  voltage,  and d i s t r i b u t e s  it t o  the 
o the r  spacec ra f t  subsystems. The subsystem c o n s i s t s  of the s o l a r  
panel,  a main ba t t e ry ,  a b a t t e r y  charge regula tor ,  main power 
switch, boost regula tor ,  and a n  engineering mechanismls auxiliary. 

The s o l a r  panel  i s  the spacec ra f t ' s  primary power source 
during f l i g h t  and during operations i n  the  luna r  day. It con- 
sists of 3,626 s o l a r  cel ls  arranged on a th in ,  f l a t  sur face  ap- 
proximately nine square feet  i n  a rea .  The s o l a r  c e l l s  are 
grouped i n  518 separate modules and connected i n  series-parallel 
t o  guard a g a i n s t  complete f a i l u r e  i n  the event of a single ce l l  
malfunction. 

The s o l a r  panel  i s  mounted a t  the top  of the Surveyor space- 
c r a f t ' s  mast. Wing-like, it i s  folded away during launch and de- 
ployed by Earth-command after the spacecraf t  has been i n j e c t e d  
i n t o  the luna r  t r a n s i t  t r a j ec to ry .  

When proper ly  or ien ted  during f l i g h t ,  the  s o l a r  panel  can 
supply about 85 watts i n  t r a n s i t ,  most of the power required f o r  
the average opera t ing  load of a l l  on-board equipment. 

During opera t ion  on the lunar  surface,  the  s o l a r  panel  can 
be ad jus t ed  by Earth-command t o  t r a c k  the Sun within a few de- 
grees, s o  that  the solar c e l l s  remain always perpendicular  t o  
the s o l a r  r ad ia t ion .  

I n  t h i s  lunar-surface mode, the s o l a r  panel  i s  desi ned t o  
supply a minimum of 81 watts power a t  a temperature of 1 3  8 de- 
grees F, 
degrees F. 

s p a c e c r a f t ' s  power r e se rvo i r .  
during launch; i t  s t o r e s  e l e c t r i c a l  energy from the s o l a r  panel 
during t r a n s i t  and lunar-day operat ions;  and it provides a back- 
up source t o  meet peak power requirements during both of those 
per iods.  

and a minimum of 60.5 watts a t  a temperature of 250 

A 14-ce l l  rechargeable,  s i l ve r - z inc  main battery i s  t h e  
It i s  the  s o l e  source of power 

-more- 
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Ful ly  charged, the b a t t e r y  provides 3,800 watt-hours a t  a 
discharge rate of 1.0 amperes. Bat te ry  o u t p u t  i s  approximately 
22 v o l t s  d i r e c t  cur ren t  f o r  a l l  operat ing and environmental con- 
d i t i o n s  i n  temperatures from 40 degrees t o  125 degrees F. 

The b a t t e r y  charge regula tor  and t h e  boos te r  r egu la to r  are 
t h e  two power conditioning e l emen t s  of t h e  s p a c e c r a f t ' s  e l e c t r i -  
c a l  power subsystem. 

The bat tery charge regula tor  couples t h e  s o l a r  panel t o  t h e  
main b a t t e r y  f o r  maximum conversion and transmission of the s o l a r  
energy necessary t o  keep the main b a t t e r y a t  f u l l  charge. 

It rece ives  power a t  the  solar p a n e l ' s  varying o u t p u t  V o l t -  
age, and it  d e l i v e r s  t h i s  power to t h e  main b a t t e r y  a t  a con- 

s t a n t  ba t te ry  terminal  vol tage,  

The ba t te ry  charge regula tor  includes sensing and log ic  
c i r c u i t r y  f o r  automatic b a t t e r y  charging whenever b a t t e r y  volt- 
age drops below 27 v o l t s  d i r e c t  cur ren t .  Automatic b a t t e r y  

charging a l s o  maintains b a t t e r y  manifold pressure a t  approxi- 
mately 65 pounds per  square inch. 

Earth-command may overr ide the automatic charging funct ion 
of the  b a t t e r y  charge regula tor .  

The boos te r  r egu la to r  u n i t  rece ives  unregulated power from 
17 t o  27.5 v o l t s  d i r e c t  cur ren t  from t h e  s o l a r  panel,  the  main 
battery, or both, and d e l i v e r s  a regulated 29 v o l t s  d i r e c t  cur- 
r e n t  t o  t he  s p a c e c r a f t ' s  three main power transmission l i n e s .  
These three l i n e s  supply a l l  the s p a c e c r a f t ' s  power needs, ex- 
cept  for a 22-volt unregulated l i n e  which serves  heaters, switches,  
ac tua to r s ,  solenoids  and e l ec t ron ic  c i r c u i t s  which do not r equ i r e  
regula ted  power or provide their  own regula t ion .  

Telecommunications 

Communications equipment aboard Surveyor has three func- 
t i o n s :  
n a l s ;  
and convert  engineering and t e l e v i s i o n  data i n t o  a form s u i t a b l e  
f o r  transmission. 

t o  provide for transmission and recept ion  of r a d i o  sig- 
t o  decode commands s e n t  t o  t he  spacec ra f t ;  and t o  s e l e c t  

The first group includes t h e  three antennas: one high- 
gain,  d i r e c t i o n a l  antenna and two low-gain, omnidirectional an- 
tennas,  two t r a n s m i t t e r s  and two r e c e i v e r s  with transponder 
interconnect ions.  Dual t r ansmi t t e r s  and r ece ive r s  are used f o r  
r e l i a b i l i t y .  

-more - 
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The high-gain antenna t r a n s m i t s  600-line t e l e v i s i o n  data. 
The low-gain antennas a r e  designed f o r  command recept ion  and 
t ransmission of o the r  data including 200-line t e l e v i s i o n  data 
from the  spacecraf t .  The low-gain antennas are each connected 
t o  one rece iver .  The t r ansmi t t e r s  can be switched t o  e i ther  
low-gain antennas or t o  the high-gain antenna and can operate  
a t  low or high-power l e v e l s .  Thermal cont ro l  of the three an- 
tennas i s  passive,  dependent on sur face  coat ings t o  keep t e m -  
pe ra tu re s  w i t h i n  acceptable  limits. 

Tne command decoding group can handle up t o  256 commands 
e i t h e r  d i r e c t ,  (on-off) o r  quan t i t a t ive  ( t ime- in te rva ls ) .  Each 
incoming command i s  checked i n  a c e n t r a l  command decoder which 
w i l l  r e j e c t  a command, and s igna l  the r e j e c t i o n  t o  Earth, if 
t h e  s t r u c t u r e  of the  command i s  inco r rec t .  Acceptance of a com- 
mand i s  a l s o  radioed t o  Earth. The command is  then s e n t  t o  sub- 
system decoders that  t r a n s l a t e  the  binary information i n t o  a n  
a c t u a t i n g  s i g n a l  f o r  the function command such as squib firing 
or changing data modes. 

Processing of most engineering data, (temperatures,  vol- 
tages, cur ren ts ,  pressures ,  switch pos i t ions ,  e t c . )  is  handled 
by the engineering s i g n a l  processor o r  the a u x i l i a r y  processor.  
There are over 200 engineering measurements of the spacecraf t .  
None are continuously reported.  There are fou r  commutators i n  
t he  engineer ing s i g n a l  processor t o  permit s equen t i a l  sampling 
of s e l e c t e d  s igna l s .  The u s e  of a commutator i s  dependent on 
the type and amount of information required during var ious 
f l i g h t  sequences. Each commutator can be commanded i n t o  opera- 
t i o n  a t  any time and a t  any of the f i v e  b i t  rates: 17.2, 137.5, 
550, 1,100 and 4,400 b i t s  pe r  second. 

Commutated s i g n a l s  from t h e  engineering processors  are 
converted t o  10-bit  data words by an  analog-to-digi ta l  converter  
i n  the  c e n t r a l  s i g n a l  processor and re layed  t o  the t r ansmi t t e r s .  
The low b i t  rates are normally used  f o r  t ransmissions over the 
low g a i n  antennas and t h e  low power l e v e l s  of the t r ansmi t t e r s .  

Propulsion 

The propulsion system cons i s t s  of three l i q u i d  f u e l  ve rn ie r  
rocke t  engines and a s o l i d  f u e l  retromotor.  

The ve rn ie r  engines are supplied propel lan t  by three f u e l  
tanks and three oxid izer  tanks. There i s  one pa i r  of tanks,  
f u e l  and oxidizer ,  for each engine. The f u e l  and oxid izer  i n  
each tank i s  contained i n  a bladder.  H e l i u m  s t o r e d  under pres- 
sure  i s  used t o  deflate t h e  bladders and fo rce  the f u e l  and 
ox id ize r  i n t o  the  feed l i n e s .  Tank capac i ty  i s  170.3 pounds 
each . 

-more - 
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The ox id ize r  i s  n i t rogen  t e t rox ide  with 10 per c e n t  n i t r i c  
oxide. The f u e l  i s  monomethylhydrazine monohydrate. An ign i -  
t i o n  system is not  required f o r  the ve rn ie r s  as the  f u e l  and 
ox id ize r  are hypergolic,  burning upon contact .  The t h r o t t l e  
range i s  30 t o  104 pounds of t h r u s t .  

The main r e t r o  i s  used a t  the beginning of the terminal  
descent  t o  the  luna r  sur face  and slows the spacecraf t  from an 
approach v e l o c i t y  of about 6,000 ni les  per hour t o  approximately 
250 m i l e s  per hour. It burns an aluminum, ammonium-percholorate 
and polyhydrocarbon, case bonded composite type p rope l l an t  with 
a conventional g r a i n  geometry. 

The nozzle has a graphite t h r o a t  and a laminated p las t ic  
e x i t  cone. The case i s  of high s t r e n g t h  s teel  i n s u l a t e d  with 
asbestos and s i l i c o n  d iox ide - f i l l ed  buna-N rubber t o  maintain 
the case a t  a low temperature l e v e l  during f i r i n g .  

Engine t h r u s t  v a r i e s  from 8,000 t o  10,000 pounds over a 
temperature range of 50 t o  70 degrees F. Passive thermal con- 
t r o l ,  i n s u l a t i n g  blankets and surface coat ings w i l l  maintain 
the g r a i n  above 50 degrees F. It i s  f i red by a pyrogen i g n i t e r .  
The main r e t r o  weighs approximately 1,444 pounds and is  s p h e r i c a l  
shaped, 36 inches I n  diameter.  

Fl ight  Control Subsystem 

F l i g h t  con t ro l  of Surveyor, con t ro l  of i t s  a t t i t u d e  and 
v e l o c i t y  from Centaur separa t ion  t o  touchdown on the Moon, i s  
provided by: primary Sun sensor, automatic Sun a c q u i s i t i o n  
sensor,  Canopus sensor,  i n e r t i a l  re fe rence  u n i t ,  a l t i t u d e  mark- 
i n g  radar, i n e r t i a  burnout swi tch ,  radar altimeter and Doppler 
v e l o c i t y  sensors,  f l igh t  cont ro l  e l e c t r o n i c s ,  and three pairs 
of cold gas j e t s .  
programmer, g a t i n g  and switching, l o g i c  and s i g n a l  data converter  
f o r  the radar altimeter and Doppler v e l o c i t y  sensor.  

Fl ight  cont ro l  e l e c t r o n i c s  inc ludes  a d i g i t a l  

The information provided by the  sensors  is processed 
through l o g i c  c i r c u i t - q  i n  the f l i g h t  con t ro l  e l k c t r o n i c s  t o  
yield a c t u a t i n g  s i g n a l s  t o  the gas j e t s  and t o  the three l i q u i d  
f u e l  v e r n i e r  engines and t h e  s o l i d  f u e l  main retromotor.  

The Sun sensors  provide information t o  the fl ight con t ro l  
e l e c t r o n i c s  i n d i c a t i n g  whether o r  not  they are i l lumina ted  by 
the Sun. This information is  used t o  order  t h e  gas j e t s  t o  
f i r e  and maneuver the spacecraf t  u n t i l  the Sun sensors  are on 
a d i r e c t  l i n e  w i t h  the  Sun. The primary Sun sensor  c o n s i s t s  
of f i v e  cadmium sulphide photo conductive c e l l s .  I n  f l igh t  
Surveyor w i l l  continuously d r i f t  off  Sun lock  i n  a cyc le  less 
than p l u s  o r  minus 0.3 degrees.  The d r i f t  i s  continuously 
cor rec ted  by s igna l s  from t h e  primary sensor  t o  the f l i g h t  
e l e c t r o n i c s  order ing the p i tch  and yaw gas jets t o  f i r e  t o  
c o r r e c t  the d r i f t .  

-more - 



Locking on t o  the s ta r  Canopus r equ i r e s  p r i o r  Sun lock-on, 
Gas J e t s  f i r e  i n t e r m i t t e n t l y  t o  compensate f o r  d r i f t  t o  main- 
t a i n  Canopus lock-on and t h u s  control  spacecraf t  r o l l  during 
c r u i s e  modes. If star o r  Sun lock i s  l o s t ,  cont ro l  is  automati-  
c a l l y  switched from o p t i c a l  sensors t o  i n e r t i a l  sensors  (gyros). 

The i n e r t i a l  reference u n i t  i s  a l s o  used during mission 
events  when t h e  o p t i c a l  sensors  cannot be used. These events  
are the  midcourse maneuver and descent t o  the luna r  surface.  
T h i s  device senses changes i n  a t c i t u d e  and i n  v e l o c i t y  of the 
spacec ra f t  with three gyros and an accelerometer.  Information 
from the gyros i s  processed by the cont ro l  e l e c t r o n i c s  t o  order  
gas j e t  firing t o  change o r  maintain the desired a t t i t u d e .  Dur- 
i n g  the  t h r u s t  phases the iner t ia l  re ference  u n i t  con t ro l s  
v e r n i e r  engine t h r u s t  l eve l s ,  by d i f f e r e n t i a l  t h ro t t l i ng  fo r  
p i t c h  and yaw con t ro l  and swiveling one v e r n i e r  engine fo r  r o l l  
cont ro l .  The accelerometer cont ro ls  the t o t a l  t h r u s t  l e v e l .  

The a l t i t u d e  marking radar w i l l  provide the signal f o r  
f i r i n g  of the  main retro.  It is loca ted  i n  t he  nozzle of t he  
retromotor  and i s  e j ec t ed  when the motor i g n i t e s .  The radar 
w i l l  genera te  a s i g n a l  a t  about 60 m i l e s  above the  lunar  sur-  
face.  The s i g n a l  starts the  programmer automatic sequence af ter  
a pre-determined per iod (d i rec ted  by ground command); 
grammer then commands ve rn ie r  and r e t r o  i g n i t i o n  and t u r n s  on 
the Radar Altimeter and Doppler Velocity Sensor (RADVS). 

the pro- 

The ine r t i a  burnout switch w i l l  c lose  when the t h r u s t  l e v e l  
of the main retromotor drops below 3.5 g, generat ing a s i g n a l  
which i s  used by the programmer t o  command j e t t i s o n i n g  of the  
retromotor and switching t o  RADVS control .  

Control of the spacecraf t  a f t e r  main re t ro  burnout i s  
vested i n  the Radar Altimeter and Doppler Veloci ty  Sensor, 
There are two radar dishes for  t h i s  sensor.  An alt imeter/velo- 
c i t y  sensing antenna radiates two beams and a v e l o c i t y  sensing 
antenna two beams. Beams 1, 2, and 3 give  v e r t i c a l  and t r a n s -  
verse  ve loc i ty .  Beam 4 provides a l t i t u d e  o r  s l a n t  range i n f o r -  
mation. Beams 1, 2, and 3 provide ‘veloci ty  data by summing i n  
the s i g n a l  data converter of the Doppler s h i f t  (frequency s h i f t  
due t o  ve loc i ty )  of each beam. 
data is  fed t o  the gyros and c i r c u i t r y  l o g i c  which i n  t u r n  con- 
t r o l  the t h r u s t  s i g n a l s  t o  the  vern ier  engines. 

The converted range and v e l o c i t y  

The f l i g h t  cont ro l  e l ec t ron ic s  provide f o r  processing sen- 
so r  information i n t o  telemetry s i g n a l s  and t o  a c t u a t e  spacec ra f t  
mechanisms. It c o n s i s t s  of cont ro l  c i r c u i t s ,  a command decoder 
and a n  AC/DC e l e c t r o n i c  conversion u n i t .  The programmer con- 
t r o l s  t iming of main r e t r o  phase and generates  p rec i s ion  time 
delays for  a t t i t u d e  maneuvers and midcourse v e l o c i t y  cor rec t ion .  

-more- 
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The a t t i t u d e  j e t s  provide a t t i t u d e  con t ro l  t o  the space- 
c r a f t  from Centaur separa t ion  t o  main r e t r o  burn.  The gas j e t  
system is  fed from a sphe r i ca l  tank holding 4.5 pounds of n i t r o -  
gen gas under high pressure. The system inc ludes  r egu la t ing  and 
dumping valves and th ree  pairs of  opposed gas j e t s  with solenoid- 
operated valves  f o r  each j e t .  One pair of je ts  i s  loca ted  a t  
the end of each of t h e  th ree  landing legs .  The p a i r  on leg mum- 
ber  one controlsmotion i n  a ho r i zon ta l  plane,  imparting roll mo- 
t i o n  t o  t h e  spacecraf t .  Pairs two and t h r e e  con t ro l  p i t c h  and 
yaw. 

Televis ion 

The Surveyor spacecraf t  c a r r i e s  one survey t e l e v i s i o n  
camera. The camera i s  mounted nea r ly  v e r t i c a l l y ,  pointed a t  a 
movable mirror .  The mounting containing the mir ror  can swivel 
360 degrees,  and t h e  mir ror  can tilt e i ther  down t o  view a landing 
leg o r  up above the horizon. 

The camera can be focused, by Earth command, from four  feet  
t o  i n f i n i t y .  Its i r is  s e t t i n g ,  which con t ro l s  the amount of 
l ight  en te r ing  t h e  camera, can a d j u s t  au tomat ica l ly  t o  t he  l i g h t  
l e v e l  or can be commanded from Earth. The camera has a v a r i a b l e  
f o c a l  length l e n s  which can be ad jus t ed  t o  narrow angle,  6.4 x 
6.4 f i e l d  of view, t o  wide angle, 25.4 x 25.4 f i e l d  of view. 

l iseconds.  The s h u t t e r  can a l s o  be commanded open f o r  an  in-  
d e f i n i t e  length  of t i m e .  
w i l l  keep i t  from opening i f  t h e  l i g h t  l e v e l  i s  t o o  in tense .  A 
too-high l i g h t  l e v e l  could occur from changes i n  the area of 
coverage by the camera, a change i n  the angle  of mirror ,  i n  the  
l e n s  aper ture ,  or by changes i n  Sun angle.  The same sensor  con- 
t r o l s  the automatic i r is  s e t t i n g .  The sensing device can be 
overridden by ground command. 

The camera system can provide 200 or 600-line p i c t u r e s .  
The 600-line p i c t u r e s  r equ i r e  that 
antenna and the high power l e v e l  of the t r a n s m i t t e r  are both - 
operat ing.  The 600-line mode provides a p i c t u r e  each 3.6 sec- 
onds and the 200-line mode every 61.8 seconds. 

A f o c a l  plane s h u t t e r  provides an exposure time of 150 m i l -  

A sensing device coupled t o  the  s h u t t e r  

the high ga in  d i r e c t i o n a l  

A f i l t e r  wheel can be commanded t o  one of fbur  p o s i t i o n s  
providing clear, colored or  po la r i z ing  f i l ters.  

Two convex beryll ium mirrors  are mounted on the  spacec ra f t  
frame near  leg number one t o  provide a d d i t i o n a l  coverage of the 
area under the spacecraf t  for  the t e l e v i s i o n  cam:ra. 
mir ror  is  10 inches x 9 inches;  t h e  smaller is  3s inches x 94 
inches . 

The larger 
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The large mirror provides a view of t h e  lower po r t ion  of 
crushable  block number three and the  area under ve rn ie r  engine 
number three. The small mir ror  provides a view of the  area t h a t  
w i l l  be  covered by the alpha s c a t t e r i n g  instrument when the la t -  
t e r  i s  deployed t o  t h e  lunar  surface. 

The purpose i s  t o  produce p i c t u r e s  of the  luna r  s o i l  d i s -  
turbed by the  spacecraf t  landing, the amount of damage t o  crush- 
able block number three and examination of the alpha s c a t t e r i n g  
experiment deployment area p r i o r  t o  deployment. 

P r i n c i p a l  t e l e v i s i o n  i n v e s t i g a t o r  is Dr. Eugene Shoemaker, 
U. S. Geological Survey. 
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Alpha Sca t t e r ing  Experiment 

The purpose o f  t h i s  experiment is t o  provide an a n a l y s i s  
of the c o n s t i t u e n t s  of  l una r  soil. 

The chemical composition of an extraterrestrial body i s  
one of  the bas ic  s c i e n t i f i c  f indings t h a t  can be determined 
about  that body. Chemical a n a l y s i s  of the Moon can provide 
a c l u e  t o  the  h i s t o r y  and present  s t age  of development of  
the Moon. 

The a n a l y s i s  might determine if any of  the meteor i tes  
f a l l i n g  on the  Earth are of lunar  or ig in .  

The alpha p a r t i c l e  s c a t t e r i n g  experiment is  a new 
technique f o r  chemical ana lys i s ,  which d e t e c t s  the  i n t e r a c t i o n  
o f  alpha p a r t i c l e s  with the  atomic n u c l e i  o f  elements p re sen t  
i n  the luna r  surface.  Alpha p a r t i c l e s  s t r i k i n g  these n u c l e i  
a r e  s c a t t e r e d  i n  a lcnown manner depending on the type of  
nuc le i .  Some n u c l e i  when s t ruck  by alpha p a r t i c l e s  a l s o  e m i t  
protons with known c h a r a c t e r i s t i c s .  

The instrument is  designed t o  bombard the luna r  su r face  
with alpha p a r t i c l e s  from a radio-act ive source, Curium 242. 
Two types of d e t e c t o r s  i n  the instrument,  two for  alpha 
p a r t i c l e s  and fou r  for protons, provide a measurement of  the 
ene rg ie s  o f  the s c a t t e r e d  alpha p a r t i c l e s  and protons and the 
number of s c a t t e r e d  alpha p a r t i c l e s  and protons. 

The energy and number of s c a t t e r e d  alpha p a r t i c l e s  and 
pro tons  w i l l  vary depending on the type of atoms encountered 
i n  the luna r  s o i l  by the  alpha p a r t i c l e s  emit ted by the rad io-  
a c t i v e  source. 
d e t e c t s  s c a t t e r e d  alpha p a r t i c l e s  from a l l  elements except 
hydrogen, helium and l i thium. The proton d e t e c t o r  system 
d e t e c t s  protons f r o m  boron, nitrogen, f l uo r ine ,  sodium, 
magnesium, alwninum,sillcon, phosphorus, s u l f u r ,  ch lo r ine  
and potassium. S e n s i t i v i t y  of the measurement v a r i e s  from 
one element t o  another.  

The alpha s c a t t e r i n g  detector-analyzer  system 

The instrument is  ca r r i ed  i n - f l i g h t  folded up a g a i n s t  
the spacecraf t .  A f t e r  landing the system is  checked by 
a n a l y s i s  of  an onboard ma te r i a l  of known composition. The 
Instrument i s  then par t ia l ly  deployed t o  ob ta in  a background 
measurement and then lowered by a nylon l i n e  t o  contac t  the 
l u n a r  sur face ,  The alpha p a r t i c l e s  w i l l  p ene t r a t e  a th in ,  
t op  layer of l una r  s o i l  t o  a depth of  about one-thousandth 
of  an  inch. 
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The instrument is packaged i n  two parts, the  sensor  
head, which is deployed t o  the lunar  sur face ,  and the d i g i t a l  
e l e c t r o n i c s  package. 
a c t i v e  source, a lpha de tec to r s ,  proton-detectors,  sensor  head 
e l e c t r o n i c s  and a heater. 

The sensor head conta ins  the radio-  

The e l e c t r o n i c s  package contains  command decoder log ic  
c i r c u i t r y ,  power supply, and the  log ic  c i r c u i t r y  requi red  t o  
convert  the var ious values detected i n t o  binary data f o r  
transmission. The e l e c t r o n i c s  package i s  contained i n  a 
s p e c i a l  thermal compartment on the spacecraf t ,  
word w i l l  conta in  nine b i t s ,  one sync b i t ,  seven data b i t s  
and a pa r i ty  check b i t .  

The instrument i s  at tached t o  the spacec ra f t  by a 
bracke t  and metal arm. The checking sequence i s  performed 
without deploying the instrument. The instrument is deployed 
by lowering it t o  the luna r  surface by a nylon cord a t tached  
t o  an eye-bolt on the sensor  head, The cord i s  wrapped around 
a geared cy l inde r  that unwinds under the p u l l  of l una r  g r a v i t y  
and al lows the device t o  drop t o  t he  luna r  sur face  i n  a series 
of  con t ro l l ed  steps, However, during the p a r t i a l  deployment 
sequence the cord is  r e s t r a ined  from unwinding by a lock 
mechanism. S u f f i c i e n t  s l ack  is provided i n  the cord f o r  the  
p a r t i a l  deployment. The lock i s  re leased  by f i r i n g  an 
explosive squib on Earth command, f o r  f u l l  deployment, 

Each binary 

The sensor  head, e l ec t ron ic  compartment and deployment 

P r i n c i p a l  i n v e s t i g a t o r  f o r  t he  experiment i s  D r ,  A, 

device t o t a l  28 pounds. 

Turkevich, Universi ty  of  Chicago; co- inves t iga tors  are 
Ernes t  Franzgrote, JPL, and James H. Pat terson,  Argonne 
National Laboratory. 

Magnetic Test  

The purpose of  t h i s  t e s t ,  u t i l i z i n g  a small magnet 
a t t ached  t o  a footpad, i s  t o  determine whether magnetic 
p a r t i c l e s  a r e  present  i n  the surface l a y e r  of l una r  s o i l ,  

1/8 inch th ick ,  mounted v e r t i c a l l y  on a footpad #2 in view of 
the  t e l e v i s i o n  camerao Photographs of t he  bar taken a t  
var ious  Sun angles  would show magnetic p a r t i c l e s  a t t r a c t e d  
t o  the  magnet i f  t he re  are any on the  luna r  sur face ,  

A second bar --nonmagnetic-- i s  a l s o  mounted on the foot-  
pad t o  serve  as a c o n t r o l  fo r  the tes t  by permi t t ing  a com- 
par i son  o f  the amount of  material adhering t o  the nonmagnetic 
bar,  i f  any, with the  amount adhering t o  the magnetic bar. 

The magnet i s  a bar, two inches long by 3 inch wide by 
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The magnet is made of an iron-nickel-cobalt-aluminum 
alloy, The control bar is an a l l o y  of iron-nickel-cobalt 
which has a very low magnetic permeability, The two bars 
are screwed to a mounting bracket which is attached to the 
footpad. Weight of the entire assembly is about two ounces. 
The bars and mounting are painted dull light blue for con- 
trast to dark lunar material. 

Engineering Instrumentation 

Engineering evaluation of the Surveyor flight will be 
augmented by an engineering payload including an auxiliary 
processor for engineering information, and instrumentation 
consisting of extra temperature sensors, strain gauges for 
gross measurements of vernier engine response to flight 
control commands and shock absorber loading at touchdown, 
and extra accelerometers for measurements of vernier engine 
response to flight control commands and shock absorber loading 
at touchdown, and extra accelerometers for measuring structural 
vibration during main retro burn. 

The auxiliary engineering signal processor provides two 
additional telemetry commutators for determining the per- 
formance of the spacecraft. It processes the information in 
the same manner as the engineering signal processor, pro- 
viding additional signal capacity and redundancy. 

-more - 
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ATLAS-CENTAUR LAUNCH VEHICLE 

Surveyor E w i l l  be launched toward the  Moon by a more 
powerful, s t re tched-out  vers ion  of t h e  Series D Atlas booster .  
Cal led the Standard Launch Vehicle (SLV-3C), t he  new 
boos ter ,  combined w i t h  t h e  Centaur second stage, has the 
c a p a b i l i t y  t o  launch a 2,500-pound spacecraft on a two-burn, 
parking o r b i t  t r a j e c t o r y  t o  the  Moon. Surveyors E, F and G ,  
which w i l l  complete the Surveyor l u n a r  program, are a l l  
scheduled t o  be launched t o  the Moon using two-burn tra- 
j e c t o r i e s .  

Basic changes i n  the SLV-3C boos te r  are: 

1. Propel lan t  capac i ty  has been increased by some 21,000 
pounds by lengthening t h e  booster 51 inches.  The 
SLV-3C boos ter  now has a t o t a l  p rope l l an t  capac i ty  
of 271,000 pounds, including 187,000 pounds of 
l i q u i d  oxygen and 84,000 pounds of RP-1, a r e f ined  
kerosene f u e l  . 

2. Thrust  of the  SLV-3C has been increased by 7,000 
pounds, g iv ing  t h e  booster  a t o t a l  l i f t o f f  t h r u s t  
of 395,000 pounds. The t w o  boos te r  engines  were 
increased 3,000 pounds each t o  168,000 and t h e  single 
s u s t a i n e r  engine was increased from 57,000 t o  58,000. 
The t h r u s t  i nc rease  was achieved by r e s e t t i n g  t h e  
engine r e g u l a t o r s  t o  provide maximum performance, 

The added p rope l l an t  capac i ty  and increased engine 
performance means the  SLV-3C w i l l  burn some 10 seconds longer  
during boos ter  f l i g h t .  The modifications a l s o  provide a 
s i g n i f i c a n t  i nc rease  i n  SLV-3C/Centaur1s payload c a p a b i l i t y  
f o r  l u n a r  and p lane tary  missions . 

LAUNCH VEHICLE CHARACTERISTICS 

(All f i g u r e s  approximate) 

L i f t o f f  weight: 322,300 l b s .  

L i f t o f f  he ight :  117 f e e t  

Launch Complex : 36-B 

Launch Azimuth: Variable: 78-115 degrees 

-more- 



SLV-3C Booster 

Weight : 284,500 lbs .  

Height: 

T h r u s t :  

79 feet  ( including 
i n t e r s t a g e  adapter)  

395,000 lbs .  (sea 
l e v e l )  

Propel lants :  L i q u i d  oxygen and 
RP-1 

Propu 1 s ion : MA-5 system (2- 
168,000-lb.- th1~~t  
engines,  1-58,000, 
2-670) 

Ve l oc  it y : 5800 mph a t  BECO 
8200 mph a t  SECO 

Guidance : Pre-programmed auto-  
p i l o t  through BECO 

Centaur Stage 

37,800 lbs .  

48 feet  (with pay- 
load f a i r i n g )  

30,000 lbs .  
(vacuum) 

L i q u i d  hydrogen 
and l i q u i d  oxygen 

TWO 15,000-1b.- 
t h r u s t  RL-10 engines 

23,600 mph a t  
in3ect ion . 

I n e r t i a l  guidance 

AC-13 c o n s i s t s  of an SLV-3C boos ter  combined w i t h  a 
Centaur second stage. Both stages are 10 feet  i n  diamenter 
and are connected by a n  i n t e r s t a g e  adapter. Both the Atlas 
and Centaur stages r e l y  on p res su r i za t ion  f o r  s t r u c t u r a l  
i n t e g r i t y .  

The Atlas first stage i s  79 fee t  high, including the 
i n t e r s t a g e  adapter, and uses an uprated MA-5 propulsion system. 
It c o n s i s t s  of two boos ter  engines and a s u s t a i n e r  engine, 
developing 395,000 pounds of t h r u s t .  Two v e r n i e r  engines of 
670 pounds thrus t  each provide r o l l  d i r e c t i o n a l  cont ro l .  

The Centaur second stage including the nose f a i r i n g  is  
48 feet long. 
oxygen engines,  designated RL-10 A-3-3. The RL-10 was t h e  
first hydrogen-fueled engine developed f o r  the space program. 

It is  powered by t w o  improved RL-10 hydrogen- 

Centaur c a r r i e s  i n su la t ion  panels  and a nose f a i r i n g  which 
are j e t t i s o n e d  a f te r  the vehicle  leaves  the Earth's atmos- 
phere. The i n s u l a t i o n  panels,  weighing about 1,200 pounds, 
surround the second stage hydrogen tanks t o  prevent the  heat 
of a i r  f r i c t i o n  from causing excessive boi l -off  of l i q u i d  
hydrogen during f l i g h t  through t h e  atmosphere. The nose fa i r -  
ing  p r o t e c t s  t h e  payload from t h i s  same heat environment, 
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T m C f C I N G  A?,m C Q m J N I C A T I O N  

The f l i g h t  o f  t he  Surveyor spacec ra f t  from i n j e c t i o n  
t o  t he  end of the  mission w i l l  be monitored and cont ro l led  
by N A S A I s  Deep Space Network (DSN) and Space F l i g h t  Operations 
F a c i l i t y  (SFOF) operated by the J e t  Propulsion Laboratory. 

Some 300 persons w i l l  be involved i n  Surveyor f l i g h t  
monitoring and con t ro l  during peak times i n  the  mission. On 
the  Surveyor I f l i g h t  more than 100,000 ground commands were 
received and ac ted  on by the  spacec ra f t  during f l i g h t  and 
a f t e r  the  s o f t  landing. 

The Deep Space Network c o n s i s t s  of  f i v e  permanent space 
communications s t a t i o n s  i n  A u s t r a l i a ,  Spain, South Afr ica  
and C a l i f w n i a ;  a spacecraf t  monitoring s t a t i o n  a t  Cape 
Kennedy; and a spacecraf t  guidance and a command s t a t i o n  a t  
Ascension I s l and  i n  the  South At l an t i c .  The two Aus t r a l i a  
s t a t i o n s  a r e  a t  Woomera and Canberra; the Spain s t a t i o n  near  
Madrid comprises two antenna f a c i l i t i e s ;  the Ca l i fo rn ia  
s t a t i o n  comprises three  f a c i l i t i e s .  One f a c i l i t y  i s  a t  
Johannesburg, South Afr ica  . 

O f  the  DSN f a c i l i t i e s  those assigned t o  the  Surveyor 
p r o j e c t  are Pioneer a t  Goldstone, C a l i f . ;  Robledo, Spain; 
T l d b i n b l l l a  i n  the Canberra complex, Aus t ra l ia ;  Ascension 
I s l and ;  and Johannesburg, South Africa.  

The Goldstone f a c i l i t y  i s  operated by JPL with the  
a s s i s t a n c e  of the Bendix F ie ld  Engineering Corp. The 
T i d b i n b i l l a  f a c i l i t y  is  operated by the  A u s t r a l i a  Department 
of  Supply. The Robledo f a c i l i t y  i s  operated by JPL under an 
agreement with the  Spanish government and the su  p o r t  of 
I n s t i t u t o  Nacional de Tecnica Aeroespacial  ( I N T A  P and the  
Bendix F i e l d  Corp. The Ascension I s l and  DSN f a c i l i t y  is 
operated by JPL with Bendix support  under a cooperat ive 
agreement between the United Kingdom and the U.S. 

The DSN uses  a ground communications system f o r  
ope ra t iona l  c o n t r o l  and data transmission between these  
s t a t i o n s .  The ground communications system I s  a p a r t  o f  a 
larger n e t  (NASCOM) which l i n k s  a l l  of  the NASA s t a t i o n s  
around the  world. This n e t  i s  under the t echn ica l  d i r e c t i o n  
of  NASA's Goddard Space F l i g h t  Center, Greenbelt, Md. 

The DSN supports t he  Surveyor f l i g h t  i n  t racking  the  
spacec ra f t ,  rece iv ing  telemetry from the  spacecraf t ,  and 
sending It commands. The DSN renders  t h i s  support  t o  a l l  of 
NASA's unmanned lunar and plane tary  spacec ra f t  from the time 
they are i n j e c t e d  i n t o  p lane tary  o r b i t  u n t i l  they complete 
t he i r  missions. 
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S t a t i o n s  of the  DSN rece ive  t h e  spacec ra f t  r ad io  s igna l s ,  
amplify them, process  them t o  separa te  the data f r o m  the  
c a r r i e r  wave and transmit required po r t ions  of  the data t o  
the command c e n t e r  v i a  high-speed data l h e s ,  r ad io  l i nks ,  
and teletype. 
by voice l i n e s .  
t ape  

The s t a t i o n s  are a l s o  l inked with the c e n t e r  
A l l  incoming da ta  are recorded on magnetic 

The information t ransmi t ted  from the DSN s t a t i o n s  t o  the 
SFOF i s  fed i n t o  large s c a l e  computer systems which t r a n s l a t e  
the d i g i t a l  code i n t o  engineering u n i t s ,  s epa ra t e  information 
p e r t i n e n t  t o  a given subsystem on the spacec ra f t ,  and d r ive  
d i sp l ay  equipment i n  t h e  SFOF t o  present  the information t o  the 
engineers  on the  p r o j e c t .  All incoming data are aga in  recorded 
i n  the  computer memory system and are a v a i l a b l e  on demand. 

Equipment f o r  monitoring t e l e v i s i o n  recept ion  from 
Surveyor is  loca ted  i n  the SFOF. 

Some of the equipment i s  designed t o  provide quick-look 
information f o r  dec is ions  on commanding the camera t o  change 
i r i s  settings, change the  f i e l d  of view from narrow angle t o  
wide angle, change focus, o r  t o  move the camera e i ther  
h o r i z o n t a l l y  o r  v e r t i c a l l y .  Televis ion monitors d i sp l ay  the 
p i c t u r e  being received.  
l i n e  and each l i n e  i s  he ld  on a long pe r s i s t ence  t e l e v i s i o n  
tube  u n t i l  the p i c t u r e  i s  complete. A special camera system 
produces p r i n t s  of the p i c t u r e s  f o r  quick-look ana lys i s .  

nega t ives  produced by a p rec i s ion  f i l m  recorder .  

The p i c tu re s  are received l i n e  by 

Other equipment w i l l  produce b e t t e r  q u a l i t y  p i c t u r e s  from 

Commands t o  opera te  the camera w i l l  be prepared i n  
advance on punched paper tape and forwarded t o  the  s t a t i o n s  
of the  DSN. 
the  DSN s t a t i o n  on orders  from the SFOF. 

They w i l l  be transmitted t o  the spacec ra f t  from 

Three t echn ica l  teams support  the Surveyor 
mission i n  the  SFOF: 
t r a j e c t o r y  of the spacec ra f t  including determinat ion of launch 
per iods  and launch requirements, generat ion of commands f o r  
the  midcourse and terminal  maneuvers; 
f o r  continuous eva lua t ion  of the condition of the spacec ra f t  
from engineering data radioed t o  Earth; the th i rd  i s  respons ib le  
f o r  eva lua t ion  of da t a  regarding the spacec ra f t  and f o r  
genera t ing  commands c o n t r o l l i n g  the s p a c e c r a f t  opera t ions .  

one i s  responsible  f o r  determining the  

the secot. i is respons ib le  
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TRAJ ZCTORY 

The determination o f  possible  launch days,  s p e c i f i c  times 
during each day and t h e  Earth-Moon t r a j e c t o r i e s  f o r  the Sur- 
veyor spacecraf t  are based on a number of f ac to r s ,  o r  
c o n s t r a i n t s .  

A primary c o n s t r a i n t  is the t i m e  span during each day the 
Surveyor can be launched -- the launch window -- which is  de- 
termined t y  the requirement t ha t  the launch s i te  a t  launch time 
and the Moon a t  a r r i v a l  time be contained i n  the Earth-Moon 
t r a n s f e r  o r b i t  plane.  With the launch s i t e  moving eastward as 
the Ea r th  revolves,  acceptable  condi t ions occur only once each 
day for a given plane.  

The launch azimuth cons t r a in t  of 78 t o  115 degrees is im- 
posed by the  range s a f e t y  considerat ion of allowing the  i n i t i a l  
launch phase only over the ocean, not over land  masses. 

hours, i s  determined by the cons t r a in t  placed upon the trajec- 
t o r y  engineer  t h a t  Surveyor must reach the  Moon during the view- 
i n g  pe r iod  of the prime Deep Space N e t  s t a t i o n  a t  Goldstone i n  
the Ca l i fo rn ia  Mojave Desert. 

The time of flight, o r  the time t o  landing, about 61-65 

Landing sites are f u r t h e r  l imited by the  curvature  of the 
Moon. The t r a j e c t o r y  engineer  cannot p i c k  a site, even i f  it 
fal ls  with in  the acceptable  band, i f  the  curvature  of the Moon 
w i l l  i n t e r f e r e  w i t b  a direct  communication l i n e  between the 
spacec ra f t  and the Earth.  

Two o t h e r  f a c t o r s  i n  landing s i te  s e l e c t i o n  are smoothness 
of t e r r a i n  and a requirement f o r  Surveyor t o  land, i n  areas se- 
lected for  the Apollo manned lunar  mission. 

Thus the t r a j e c t o r y  engineer must t i e  together the launch 
c h a r a c t e r i s t i c s ,  the landing s i te  locat ion,  the dec l ina t ion  of 
the Moon and f l i gh t  time, i n  determining when t o  launch, i n  
which d i r ec t ion ,  and a t  what veloci ty .  

His chosen t r a j e c t o r y  a l s o  must not v i o l a t e  c o n s t r a i n t s  on 
the time allowable that the  Surveyor can remain i n  the Earth’s 
shadow. Too long a period can r e s u l t  I n  malfunction of com- 
ponents o r  subsystems, In  addi t ion,  the  Surveyor must not  re- 
main i n  the shadow of the Moon beyond given l i m i t s .  

-more- 
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The v e l o c i t y  of the spacecraf t  when it a r r i v e s  a t  the Moon 
must a l s o  f a l l  wi th in  defined limits. These limits are defined 
by t h e  r e t so rocke t  capab i l i t y .  
Moon is  pr imar i ly  co r re l a t ed  with the f l i gh t  time and the Earth- 
Moon d i s t ance  f o r  each launch day. 

The v e l o c i t y  r e l a t i v e  t o  the 

So, a fu r the r  requirement on the t r a j e c t o r y  engineer is  the 
amount of f u e l  a v a i l a b l e  t o  slow the Surveyor from its lunar  ap- 
proach speed of 6,000 mph t o  nearly zero  ve loc i ty ,13  feet above 
t h e  Moon's sur face .  The chosen t r a j e c t o r y  must not y i e l d  velo- 
c i t i e s  that are beyond the  designed c a p a b i l i t i e s  of the  space- 
c r a f t  propuls ion system. 

Also  included i n  t r a j e c t o r y  computation i s  the inf luence  on 
t h e  f l ight  path and v e l o c i t y  of the spacec ra f t  of the  g r a v i t a -  
t i o n a l  a t t r a c t i o n  of primarily the Earth and Moon,and t o  a lesser 
degree t h e  Sun, Mercury, Venus, Mars, and J u p i t e r .  

It is  not  expected tha t  the launching can be performed w i t h  
s u f f i c i e n t  accuracy t o  impact the Moon i n  exac t ly  the desired 
area.  The u n c e r t a i n t i e s  involved i n  a launch usua l ly  yield a 
t r a j e c t o r y  o r  an i n j e c t i o n  ve loc i ty  that  vary s l i g h t l y  from the  
desired values.  The u n c e r t a i n t i e s  are due t o  inherent  llmita- 
t i o n s  i n  the guidance system of  the launch vehicle.  To compen- 
s a t e ,  l una r  and deep space spacecraf t  have the c a p a b i l i t y  of per- 
forming a midcourse maneuver o r  t r a j e c t o r y  cor rec t ion .  To alter 
t h e  t r a j e c t o r y  of a spacecraf t  it is necessary t o  apply t h r u s t ,  
o r  energy, i n  a s p e c i f i c  d i r e c t i o n  t o  change i t s  ve loc i ty ,  the 
t r a j e c t o r y  of a body at  a poin t  i n  space being b a s i c a l l y  de t e r -  
mined by i t s  veloci ty .  

For example, a simple midcourse might involve co r rec t ing  a 
t o o  high i n j e c t i o n  ve loc i ty .  To c o r r e c t  f o r  t h i s  the spacec ra f t  
would be commanded t o  t u r n  i n  space u n t i l  i t s  midcourse engines 
were po in t ing  i n  its d i r e c t i o n  of t r a v e l .  Thrust  from the en- 
g i n e s  would slow t h e  c r a f t .  However, i n  the genera l  case the 
midcourse is  far more complex and w i l l  involve changes i n  speed 
and d i r e c t i o n  of  t r ave l .  

A c e r t a i n  amount of t h r u s t  applied i n  a s p e c i f i c  d i r e c t i o n  
can achieve both changes. Surveyor w i l l  use i t s  three l i q u i d  
f u e l  v e r n i e r  engines to alter its f l i gh t  path In the midcourse 
maneuver. It w i l l  be commanded t o  r o l l  and then t o  p i t c h  o r  yaw 
in orde r  t o  po in t  the t h r e e  engines i n  t h e  required d i r ec t ion .  
The engines then  burn long enough t o  apply the  change i n  v e l o c i t y  
r equ i r ed  t o  a l ter  the t r a j e c t o r y ,  

The change i n  t h e  t r a j e c t o r y  is very slight at t h i s  p o i n t  
and a t r ack ing  period of about 20 hours i s  requi red  t o  determine 
the new t r a Jec to ry .  This determination w i l l  a l s o  provide the data 
requ i r ed  t o  p r e d i c t  t h e  spacec ra f t ' s  angle  of approach t o  the 
Moon, time of a r r i v a l ,  and i t s  v e l o c i t y  as it approaches the Moon. 



ATLAS-CENTAUR 13/SURVEYOR E FLIGHT PLAN 

The Atlas-Centaur 13 vehicle  must i n j e c t  the Surveyor E 
spacec ra f t  on a lunar  i n t e r c e p t  t r a j e c t o r y  with s u f f i c i e n t  
accuracy so t h a t  the midcourse maneuver required of  t h e  
spacec ra f t  i s  within i t s  capabi l i ty .  The Centaur stage w i l l  
execute a retromaneuver a f t e r  spacecraf t  separa t ion  t o  ensure 
that the vehic le  and spacecraf t  a r e  adequately separated. 

Surveyor E w i l l  be launched toward the Moon following 
primary boost by an Atlas, i n j e c t i o n  of the Centaur stage 
and spacec ra f t  i n t o  a 100-statute m i l e  Ear th  parking o r b i t ,  
and f i n a l  I n j e c t i o n  of  the spacecraf t  t o  the Moon following 
a var iab le- length  coas t  phase. Depending on t i m e  of launch, 
the c o a s t  phase w i l l  vary from 2 to  15 minutes. 

Launch Periods 
(EDT) 

Launch Window 
Date Open Close 

Septa 8 3:39 a.m. 
Sept. 9 5:06 a.m. 
Sept, 10 5:56 a.m. 
Septa 11 6:17 a.m. 
Sept,  12 6:25 a.m. 
Septa  13 6:29 a.m. 

5:29 a.m. 
6:29 a.m. 
7:30 a.m. 
8:30 a.m. 
9:29 a.m. 
10:23 a.m. 

Atlas Phase 

A f t e r  l i f t o f f  AC-13 w i l l  rise v e r t i c a l l y  f o r  the first 
15 seconds, then r o l l  t o  the  desired f l i g h t  plane azimuth 
between 78 and 115 degrees. During booster  engine f l i g h t ,  
the veh ic l e  is steered by the Atlas au top i lo t .  

After 153 seconds of booster f l i g h t ,  the boos ter  engines 
are s h u t  down (BECO) and j e t t i soned .  
system then takes over  f l i g h t  control .  The Atlas s u s t a i n e r  
engine continues t o  propel  the  AC-13  veh ic l e  t o  an  a l t i t u d e  
o f  about 84 miles. P r i o r  t o  sus t a ine r  engine shutdown, the 
second stage i n s u l a t i o n  panels are j e t t i soned ,  followed by 
the nose f a i r i n g s .  

The Centaur guidance 

The Atlas and Centaur s t ages  are then separated by an  
explosive,  shaped charge and r e t ro rocke t s  mounted on t h e  Atlas. 

-more- 
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Centaur Phase 

Centaur 's  hydrogen engines are then ign i t ed  f o r  a planned 
320-second burn. This w i l l  place Centaur and the  Surveyor 
spacec ra f t  i n t o  a 100-mile Earth parking o r b i t .  

As Centaur 's  engines a r e  shu t  down and the coas t  phase 
begins, two 50-pound-thrust hydrogen-peroxide rocke ts  are f i red 
t o  se t t le  the propel lan ts .  

Two hydrogen-peroxide u l l age  rockets ,  each wi th  t h r e e  
pounds t h r u s t ,  are then f i r e d  continuously during the coas t  
per iod  to  r e t a i n  the  p rope l l an t s  i n  the lower part of  the 
tanks  . 

About 40 seconds before Centaur 's  second burn, the two 
50-pound t h r u s t e r s  are again used t o  in su re  proper p rope l l an t  
s e t t l i n g .  

Once Centaur i s  i n  the  proper p o s i t i o n  t o  i n j e c t  the 
Surveyor toward the  Moon, the  hydrogen-fueled main engines 
are i g n i t e d  f o r  an approximate 113-second burn. The second- 
burn command and dura t ion  of the burn are determined by 
Centaur 's  i n e r t i a l  guidance system, as a r e  a l l  command and 
s t e e r i n g  f h c t i o n s  following Atlas booster  engine cu tof f  and 
j e t  t i s o n  . 

Separation 

The Surveyor spacec ra f t  is  separated from Centaur and 
i n j e c t e d  toward the  Moon. 

Following spacecraf t  separat ion,  the Centaur veh ic l e  w i l l  
perform a 180-degree r e o r i e n t a t i o n  maneuver, using i t s  a t t i t u d e  
c o n t r o l  system. 

Centaur 's  ve loc i ty  i s  then changed by r e t ro - th rus t ing .  
The t h r u s t  f o r  t h i s  maneuver is produced by two 50-pound 
hydrogen-peroxide t h r u s t e r s  as  wel l  as by 'blowing" r e s idua l ,  
o r  unused, p rope l l an t s  through Centaur 's  main engines. 

A s  a r e s u l t  of t h i s  retromaneuver the  Centaur and the 
spacec ra f t  w i l l  be separated by a t  l e a s t  200 s t a t u t e  m i l e s ,  
f i v e  hours af ter  launch. 

The Centaur vehic le  w i l l  continue i n  a h i g h l y - e l l i p t i c a l  
Earth o r b i t  wi th  a per iod ranging from t e n  t o  t h i r t e e n  days. 

-more - 
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First Surveyor Events 

Shortly after Centaur engine shutdown, the programmer 
commands Surveyor's legs and two omnidirectional antennas 
to extend and orders the spacecraft's transmitter to high 
power . 

After Surveyor separates from the Centaur, an automatic 
command is given by the spacecraft to fire explosive bolts 
to unlock the solar panel. A stepping motor then moves the 
panel to a prescribed position. Solar panel deployment can 
also be commanded from the ground if the automatic sequence 
fails. 

Surveyor will then perform an automatic Sun-seeking man- 
euver to stabilize the pitch and yaw axes and to align its 
solar panel with the Sun for conversion of sunlight to elec- 
tricity to power the spacecraft. Prior to this event the 
spacecraft main battery is providing power. 

The Sun acquisition sequence begins immediately after 
separation from Centaur and simultaneously with the solar panel 
deployment. The nitrogen gas jet system, which is activated 
at separation, will first eliminate random pitch, roll and 
yaw motions resulting from separation from Centaur. Then a 
sequence of controlled roll and yaw turning maneuvers is 
commanded for Sun acquisition. 

Sun sensors aboard Surveyor will provide signals to the 
attitude control gas jets to stop the spacecraft when it I s  
pointed at the Sun. Once locked on the Sun, the gas jets 
will fire Intermittently to control pitch and yaw attitude. 
Pairs of attitude control jets are located on each of the three 
landing legs of the spacecraft. 

In the event the spacecraft does not perform the Sun 
seeking maneuver automatically; this sequence can be com- 
manded from the ground. 

The next critical step for Surveyor is acquisition of 
its radio signal by the Deep Space Net trading stations at 
Ascension Island and Johannesburg, South Africa, the first 
DSN stations to see Surveyor after launch. 

It is critical at this point to establish the communi- 
cations link with the spacecraft to receive telemetry to 
quickly determine the condition of the spacecraft, for com- 
mand capability to assure control, and for Doppler measure- 
ments from which velocity and trajectory are computed. 

-more - 
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The t r a n s m i t t e r  can only operate  a t  high power f o r  
approximately one hour without overheating. 
however, t ha t  the ground s t a t i o n  w i l l  lock on t o  the space- 
c r a f t ' s  r a d i o  s i g n a l  within 40 minutes after launch and i f  
overheat ing i s  indicated,  the  t r ansmi t t e r  can be commanded 
t o  low power. 

It i s  expected, 

The next  major spacec ra f t  event after the Sun has been 
acquired i s  Canopus acquis i t ion .  Locking on the star 
Canopus provides a f ixed  i n e r t i a l  r e f e rence  f o r  the r o l l  
o r i e n t a t i o n .  

-more- 
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Canopus Acquisit ion 

Canopus a c q u i s i t i o n  w i l l  be commanded from the ground 
about s i x  hours after launch. The gas j e t s  w i l l  f i r e  t o  r o l l  
the spacec ra f t  a t  0.5 degree per second. When the sensor  
sees the p r e d i c t e d b r i g h t n e s s  of Canopus ( the  b r i  h tes t  star 
I n  the Southern Hemisphere) i t  w i l l  o rder  t he  r o l t  t o  s t o p  
and lock  o n t h e  star. 
i t  is  seeing w i l l  be telemetered t o  Earth t o  v e r i f y  t ha t  
it i s  locked on Canopus. 

Ver i f i ca t ion  can also be provided by a ground command 
order ing  a 360 degree r o l l  and the p l o t t i n g  of each l i g h t  source 
the sensor  sees that  i s  i n  the s e n s i t i v i t y  range of the sensor.  
(The sensor  w i l l  ignore l i g h t  l e v e l s  above and below given 
i n t e n s i t i e s . )  T h i s  star map can be compared wi th  a map pre- 
pared before  launch t o  v e r i f y  that the spacec ra f t  i s  locked on 
Canopus , 

The br ightness  of the l i gh t  aource 

Now p r o p e r l y o r i e n t e d  on the Sun and on Canopus, Sur- 
veyor i s  i n  the coast  phase of the t r a n s i t  t o  the Moon. 
Surveyor i s  t r ansmi t t i ng  engineering data t o  Earth and 
r ece iv ing  commands v i a  one of i t s  omnidirect ional  antennas.  
Tracking data is  obtained from the po in t ing  d i r e c t i o n  of 
ground antenna and observed frequency change (Doppler) . 
a d d i t i o n a l  power f o r  peak demands i s  being provided by one of 
two batteries aboard. The gas j e t s  are f i r ing  intermittently 
t o  keep the c r a f t  aligned on t h e  Sun and Canopus. 

The s o l a r  pane l  is providing e l e c t r i c a l  power and 

The engineering and t racking information is  received 
from Surveyor a t  one of the s t a t i o n s  of the Deep Space N e t ,  
The data i s  communicated t o  the  Space Fl ight  Operations 
F a c i l i t y  (SFOF) a t  the J e t  Propulsion Laboratory i n  Pasa- 
dena where the f l i g h t  path of the spacec ra f t  i s  c a r e f u l l y  
ca l cu la t ed  and the condi t ion of the spacec ra f t  continuously 
monitored 

Midcourse Maneuver 

Tracking data w i l l  be used  t o  determine how large a 
t r a j e c t o r y  co r rec t ion  must be made t o  l and  Surveyor i n  the 
given target area. T h i s  t r a j e c t o r y  cor rec t ion ,  c a l l e d  the 
midcourse maneuver, i s  requ i r ed  because of many uncertain-  
t i e s  i n  the launch operat ion t h a t  prevent absolu te  accuracy 
i n  p l ac ing  a spacec ra f t  on a t r a j e c t o r y  t h a t  w i l l  i n t e r c e p t  
the Moon precisely a t  t h e  desired landing poin t .  

The midcourse maneuver i s  timed t o  occur over the Goldstone 
s t a t i o n  of the DSN i n  t h e  Mojave Desert, t he  t racking  s t a t i o n  
nea res t  the SFOF a t  J P L .  

-more - 
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The t h r u s t  for the miucourse maneuver will be provided by 
the s p a c e c r a f t ' s  three l i q u i d  f u e l  v e r n i e r  engines. Tota l  t h r u s t  
l e v e l  i s  con t ro l l ed  by an accelerometer a t  a constant  acce l -  
e r a t i o n  equal t o  0.1 Earth g (3,2 ft /sec/sec).  
e r r o r s  are sensed by gyros which can cause t h e  ind iv idua l  
engines t o  change t h r u s t  l e v e l  t o  c o r r e c t  p i t ch  and yaw 
e r r o r s  and swivel one engine t o  co r rec t  r o l l  errorso 

Pointing 

Fl ight  c o n t r o l l e r s  determine the  requi red  t r a J e c t o r y  
change t o  be accomplished by the midcourse maneuver. I n  
order t o  a l i g n  the engines i n  the proper d i r e c t i o n  t o  apply 
t h r u s t  t o  change the t r a j e c t o r y ,  or f l i g h t  path,  Surveyor will 
be commanded t o  roll, then p i t c h  or yaw t o  achieve t h i s  
alignment. Normally, two maneuvers are required,  a r o l l - p i t c h  
or a roll-yaw. 

The dura t ion  of the f i rs t  maneuver is radioed t o  the 
spacecraf t ,  s t o r e d  aboard and re- t ransmit ted back t o  Earth 
f o r  v e r i f i c a t i o n .  Assured t h a t  Surveyor has received the  
proper information, i t  i s  then commanded t o  perform the 
first maneuver. When completed, the second maneuver i s  
handled i n  the same fashion. With the spacec ra f t  now a l igned  
proper ly  i n  space, the number of seconds of requi red  t h r u s t  is  
t ransmi t ted  to the  spacecraf t ,  stored, v e r i f i e d  and then 
executed. 

In  the  event of a f a i l u r e  of the  automatic tlmer aboard 
the  spacec ra f t  which checks out the dura t ion  of each maneuver 
t u r n  and firing period, each s t e p  i n  the sequence can be 
performed by c a r e f u l l y  timed ground commands. 

After completion of the midcourse maneuver, Surveyor 
reacqui res  the Sun and Canopus. Again Surveyor i s  I n  the 
c r u i s e  mode and t h e  next c r i t i c a l  event w i l l  be the  te rmina l  
maneuver. 

Terminal Seauence 

The f i r s t  s tep  s tar ts  a t  a b o u t  1,000 miles above the 
Moon's surface.  The exact descent maneuvers w i l l  depend on 
the  flight path  and o r i e n t a t i o n  of the  Surveyor w i t h  r e spec t  
to the  Moon and the target area. Normally they w i l l  be a 
roll followed by i? yaw or a p i t c h  turn.  A s  i n  the  midcourse 
maneuver, the dura t ion  times of the  maneuvers are radioed 
to the  spacecraft  and the gas j e t s  f i r e  to execute the re- 
quired ro l l .  and p i t c h  and yaw. The ob jec t  o f  t he  maneuver 
i s  t o  a l i g n  the main r e t r o  s o l i d  rocke t  with the  descent 
path. To perform the maneuvers, the spacec ra f t  w i l l  break 
i t s  lock on t h e  Sun and Canopus. At t i tude  con t ro l  w i l l  be 
maintained by i n e r t i a l  sensors.  Gyros w i l l  sense changes i n  
the  a t t i t u d e  ana order  the gas j e t s  to f i r e  to maintain the 
c o r r e c t  a t t i t u d e  u n t i l  the  r e t ro rocke t  i s  ign i ted .  

-more - 
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SURVEYOR TERMINAL DESCENT 
CRUISE ATTITUDE 

TO LUNAR SURFACE 
(Approximote Altitudes and Velocities Given) 

PRE-RETRO MANEUVER 30 MIN. 
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MARKING RADAR WHICH EJECTS 
FROM NOZZLE, CRAFT STABILIZED 
BY VERNIER ENGINES AT 
60 MI. ALTITUDE, 6,100 MPH 

- -  

VERNIER ENGINES SHUTOFF -. - 
AT 13 FT, 3 %  MPH 

a 

- *.; 
- 1  .- 

- -? 

..> 
2I 

. c  

.,. ,- :* 

-more- 

MAIN RETRO BURNOUT AND EJECTION, 
VERNIER RETRO SYSTEM TAKEOVER AT 
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With t h e  spacecraf t  properly a l ignec ,  t he  a l t i t u d e  mark- 
i n g  radar w i l l  be a c t i v a t e d ,  by ground command, a t  approximately 
200 miles above the  Moon's surface.  All subsequent terminal  
events  w i l l  be automatical ly  cont ro l led  by r ada r s  and the  
f l i g h t  c o n t r o l  programmer. 

sur face ,  the marking radar starts the f l i g h t  c o n t r o l  program- 
mer clock which then counts down a previously-stored delay 
t i m e  and then commands i g n i t i o n  of the s o l i d  p rope l l an t  main 
r e t r o  and the th ree  l i q u i d  fueled,  t h r o t t l e a b l e  ve rn ie r  
engines.  The ve rn ie r  engines maintain a cons tan t  spacecraf t  
a t t i t u d e  during main r e t r o  f i r i n g  i n  the  same manner as during 
midcourse thrus t ing .  

miles-per-hour. The main r e t r o  w i l l  burn o u t  i n  40 seconds 
a t  about 25,000 f e e t  above the  surface af ter  reducing the 
v e l o c i t y  t o  about 250 miles-per-hour. The casing of the main 
r e t r o  i s  separated from the spacecraf t ,  on command from the 
programmer 12 seconds a f t e r  burnout, by explosive b o l t s  and 
fa l ls  free. 

A t  approximately 60 mi les '  s l a n t  range from the Moon's 

The spacec ra f t  w i l l  be t r ave l ing  a t  approximately 6,000 

After burnout the f l i g h t  con t ro l  programmer w i l l  con t ro l  
the t h r u s t  l e v e l  o f  the  ve rn ie r  en ines  u n t i l  t h e  Radar A l t i -  
meter and Doppler Veloci ty  Sensor 'i RADVS) locks up on i t s  
r e t u r n  s i g n a l s  from the Moon's surface.  

Descent w i l l  then be cont ro l led  by the RADVS and the 
v e r n i e r  engines.  S igna ls  from RAWS w i l l  be processed by the 
f l i g h t  c o n t r o l  e l e c t r o n i c s  t o  t h r o t t l e  the three ve rn ie r  
engines  reducing ve loc i ty  as the a l t i t u d e  decreases.  A t  13 
fee t  above the sur face ,  Surveyor w i l l  have been slowed t o  
three miles pe r  hour. 
and the spacecraf t  free fa l ls  t o  the surface. 

A t  t h i s  po in t  the engines are shu t  of f  

Immediately a f te r  landing, f l i g h t  c o n t r o l  power i s  
turned o f f  t o  conserve b a t t e r y  power. 

-more - 
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Post-landing Events 

O f  prime i n t e r e s t  t o  the engineers who designed Surveyor 
w i l l  be the engineering telemetry received during the descent 
and touchdown. Touchdown w i l l  be followed by per iods of 
engineer ing telemetry t o  determine the condi t ion of the 
spacecraf t .  Then a s e r i e s  o f  wide angle,  200-line t e l e v i s i o n  
p i c t u r e s  w i l l  be taken. 

The s o l a r  panel and high-gain p lanar  a r r a y  antenna w i l l  
then be a l igned  with the Sun and Earth,  respec t ive ly .  If 
the high-gain antenna i s  successfu l ly  operated t o  lock on 
Earth, transmission of 600-line t e l e v i s i o n  p i c t u r e s  w i l l  begin. 
I f  i t  i s  necessary t o  opera te  through one of the low-gain, 
omnidirect ional  antennas,  add i t iona l  200-line p i c t u r e s  w i l l  be 
t ransmit ted.  

The l ifetime of Surveyor on the  sur face  w i l l  be determined 
by a number of f a c t o r s  such as the  power remaining i n  the 
bat ter ies  i n  the  event that  the Sun i s  not  acquired by the  
s o l a r  panel  and spacec ra f t  reac t ion  t o  the in t ense  heat of the 
luna r  day and the deep cold of the lunar  night .  

-more- 
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ATLAS-CENTAUR AND SURVEYGR TEAMS - 

NASA HEADQUARTERS, WASHINGTON, D o  Cm 

D r .  Homer E. Newel1 As so c i a t e Administrator fo r  
Space Science and 
Applications 

Oran W, Nicks Director,  Lunar and Planetary 
Programs 

Benjamin Milwitsky Surveyor Program Manager 

V. L. Johnson Direc tor ,  Launch Vehicle and 
Propulsion Programs 

T, Bo Norris  Centaur Program Manager 

JET PROPULSION LABORATORY, PASADENA, CALIF, 

Dr. W i l l i a m  H, Pickering Direc tor  

Gen. A, R. Luedecke Deputy Direc tor  

Howard H. Haglund Surveyor Pro3 e c t  Manager 

K e r m i t  S, Watkins 

Robert Go Forney 

Ass i s t an t  P ro jec t  Manager f o r  
Surveyor Operations 

Surveyor Spacecraf t  System 
Manager 

Dr.  Leonard Jaffe Pro jec t  S c i e n t i s t  

DEEP SPACE NETWORK 

D r .  Eberhardt Rechtin Ass i s t an t  Laboratory Direc tor  
f o r  Tracking and Data Ac- 
q u i s i  ti on, JPL 

D r ,  Nicholas A. Renzet t i  Surveyor Tracking and Data 
Systems Manager, JPL 

W. E. Larkin JPL Engineer i n  Charge, 
Goldstone 
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Pioneer S ta t ion  Manager, 
Goldstone 

R. J. Fahnestock JPL DSN Resident i n  Australia 

R. A. Leslie Tidbinbi l la  Stat ion Manager 

Ph i l  Tardani J P L  IXSN Resident i n  Spain 

Donald Meyer Robledo Sta t ion  Manager 

Avron Bryan Ascension Sta t ion  Manager 

LEWIS RESEARCH CENTER, CLEVELAND, 0. 

Dr. Abe S i lve r s t e in  Director 

I)r. S. C. Himmel 

Edmund R. Jonash 

A s s i r J t a n t  Director f o r  Launch 
Vehicles 

Centaur Project Manager 

KENNEDY SPACE CENTER, FLA. 

Dr. Kurt R, Debus Mrector 

KENNEDY SPACE CENTER, FLA. 

Dr. Kurt R, Debus Mrector 

Robert H. Gray Director of Unmanned Launch 
Operations 

John D. Gossett Chief, Centaur Operations 

PRINCIPAL SCIEWTIFIC INVESTIGATORS 

D r .  Eugene Shoemaker 
U . S .  Geological Survey 

Te lev i s ion  

D r .  Anthony L. Turkev-lch AlDha Scattering Experiment 
University of Chicago 

HUGHES A I R C R A F T  COMPANY, CULVER CITY, CALIF. 

Dr .  Robert L. Roderick Surveyor Program Manager 
AssSstant Manager -- Lunar 

Programs 

Robert E. Sears 

Richard R. Gunter 

Associate Program Manager 

Assistant Program Manager 
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GENERAL DYNAXICS/COTJiVAIR, , SAN DIEGO, CALIF. 

Grant L. Hansen Vice President, Launch Vehicle 
Programs 

PRATT AND WHITNEY AIRCRAFI' D I V I S I O N  OF UNITED AIRCRAFT CO, * P 

Richard Anchutze RL-10 Engine Project Manager 

HON3YWELL, INC. ,  ST. PETERSBURG, FLA. 

Paul V. Yingst Centaur Guidance Program 
Manager 

SURvEYOR/A T U  S -CENTAUR S U B C O N T R A C T O R S  

Surveyor 

AiResearch Division 
Garret t  Corp. 
Torrance, C a l i f ,  

A i r i t e  
El Segundo, Calif. 

Airtek 
Fansteel  Metallurgical Corp. 
Compton, Calif .  

Ampex 
Redwood City, Calif', 

Astrodata 
Anaheim, Calif. 

Bell  & Howell Co. 
Chicago, Ill, 

Bendix Corp. 
Products Aerospace Divis ion 
South Bend, InU. 

Borg - Warne r 
Santa Ana, Calif. 

Brunson 
Kansas City, Kan. 

Carleton Controls 
Buffalo, N. Y. 

Ground Support 

Nitrogen Tanks 

Equipment 

Propellant Tanks 

Tape Recorder 

Decommutators and Subcarrier 
Discriminator Systems 

Camera Lens 

Landing Dynamics S t a b i l i t y  
Study 

Tape Recorder 

Optical Alignment Equipment 

H e l i u m  Regulator 
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Eagle-Picher C o .  
J o p l i n ,  Mo. 

Auxiliary Batteries 

E l e c t r i c  Storage Bat tery Main Batteries 
Raleigh, N.C. 

Electro-Development Corp. S t r a i n  Gage Elec t ronics  
S e a t t l e ,  Wash. 

Electro-Mechanical Research Decommutators 
Sarasota ,  Fla .  

Electro-Optical  Systems, Inc.  Solar  Panel Assembly and Test ing 
Pasadena, C a l i f .  

Endevco Corp. 
Pasadena, Cal i f .  

Accelerometers 

General  E lec t ro  Dynamics Vidicon Tubes 
Garland, Tex. 

General Precis ion,  Inc.  Spacecraft  TV Ground Data 
Advanced Products Division Handling System 
Link Group Sunnyvale, C a l i f  . 
Heliotek 
Sylmar, Calif. 

Hi-Shear Corp. 
Torrance, Cal i f .  

C .  G. Hokanson 
Santa Monica, Calif. 

Holex 
H o l l i s t e r ,  C a l i f .  

Honeywell 
Los  Angeles, Cal i f .  

General Precis ion,  Inc . 
Kearfo t t  Systems Division 
Wayne, N . J .  

Kinet ics  
Solana Beach, C a l i f .  

Lea r Sieg l e  r 
Santa Monica, C a l i f .  

Menasco 
Los Angeles, Calif. 

So la r  Modules 

Separation Device 

Mob. Temperature Control Un i t  

Squibs 

Tape Rec ord e r / R e  p rodu c er  

Floated Rate In tegra ted  Gyros 

Main Power Switch 

T.V. Photo Recorder 

G a s  Tanks 
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Metcom 
Salem, mss. 

Magnetron Assembly 

Motorola, Inc . Subcar r ie r  Oscillators 
M i l i t a r y  Electronics Mvis ion  
Scot t sda le ,  Ariz. 

National Water Lift Co. 
X;alamazoo, Mich. 

Northrop/Norair 
Hawthorne, C a l i f  . 
Ryan Aeronautical Co. 
San Diego, C a l i f .  

Sanborn 
Waltham, Mass. 

Scient i f ic -At lan ta  
Atlanta ,  Ga. 

Singer-Metrics 
Bridgeport ,  Mass. 

Telernetrics 
Santa  Ana, C a l i f .  

Thiokol Chemical Corp. 
Elkton M v i s i o n  
Elkton, Md. 

Landing Shock Absorber 

Landing Gear 

Radar Al t i tude  Doppler Veloci ty  
Sensor 

L. F. Oscil lograph 

System T e s t  Stand 

F. M. Ca l ibra tor  

Simulator 

Main Retro Engine 

Thiokol Chemical Corp. Vernier Propulsion System 
Reaction Motors Mvis ion  
Denville, N. J. 

Tins ley  Laborator ies ,  Inc . Spacecraf t  Mirrors 
Berkeley, Calif. 

United AAr craft Corp . 
Norden M v i s i o n  
Southhampton, Pa. 

Vector 
Southhampton, Pa. 

Sub carrier Oscillator 

Subcar r ie r  Oscillator 

A t l a s  -Centaur 

Rocketdyne Divis ion of MA-5 Propulsion System 
North American Aviation, Inc. 
Canoga Park, Calif. 
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Thiokol Chemical Corp. 
Reaction Motors Mvision 
Denville, N. 3 .  

Hadley Co., Inc. 

Fluidgenics, Inc . 
General Precision, Inc. 
Kearfott Division 
Wayne, N.J. 

Honeywell, Inc. 
Aeronautical Division 

LOX and Fuel Staging Valves 

Valves, Regulators and 
D l s  connect Coupling 

Regulators 

Msplacement Gyros 

Rate Gyros 

F i f t h  D e n s i o n ,  Inc. Commutators 

Bendix Corp. 
Bendix Pacific Division 

Telepaks and Osci l la tors  

Fairchild-Hiller LOX Fuel and Drain Valves 
S t ra tos  Western Division 

Bourns, Inc. Transducers and Potentiometers 

Washington Steel Co. 
Washington, Pa. 

General Dynamics 
Fort Worth Mvision 
For t  Worth, Tex. 

Stainless  S tee l  

Insulation Panels and Nose 
Fairing 

Pesco Products Division of Boost Pumps f o r  RL-10 Engines 
Borg-Warner Corp. 
Bedford, 0. 

Bell  Aerosystems Co. of 
B e l l  Aerospace Corp. 
Buffalo, N. Y. 

A t t i t u d e  Control System 

Liquidometer Aerospace Division 
Simmonds Precision Products,Inc. 
Long Island, N.Y. 

Propellant Ut i l iza t ion  System 

General Precision, Inc. 
Kearfott Division 
San Marcos, Calif. 

Cumputer f o r  I n e r t i a l  Guidance 
System 
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Goodyear Aerospace Division Handling Trailer 
Goodyear T i r e  and Rubber Co. 
Akron, 0. 

Systems and Instruments Div . Destructors  
Bulova Watch Co. 
Flushing, N. Y. 

Consolidated Controls Corp. Safe and A r m  I n i t i a t o r  
E l  Segundo, Calif .  

Borg-Warner Controls Division Inve r t e r  
Borg-Warner Corp . 
Santa Ana, C a l i f .  

Sippican Corp. 
Marion, Mass. 

General E l e c t r i c  Co. 
Lynn, Mass. 

Vickers Division of 
Sperry Rand Corp. 
Troy, Mich. 

E d c l i f f  Instruments,  Inc. 
Monrovia, C a l i f .  

Rosemount Engineering Co. 
Minneapolis, Minn. 

S c i e n t i f i c  Data Systems 
Santa Monica, Calif . 
W ,  0. Leonard, Inc.  
Pasadena, C a l i f .  

Modules f o r  Propel lant  
U t i l i z a t i o n  System 

Turbine 

Hydraulic Pumps 

Transducers and Switches 

Transducers 

Computers 

Hydrogen and Oxygen 
Vent Valves 
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